Shallow seismic-reflection techniques were used successfully to image the bedrock-alluvium interface as shallow as 4 m in the Texas Panhandle. Optimum placement of Water-quality monitor wells around an evaporation pond was made possible because the seismic data showed bedrock valleys to within 1 m horizontally and vertically.
Detailed knowledge of the bedrock surface is often crucial in the planning of well locations for ground-water-quality monitoring.
Changes in ground-water quality often first appear in monitor wells located in lows in the bedrock surface. The seismicreflection technique has the potential to produce the necessary details of a shallow (4-m-deep) bedrock surface to pinpoint optimum locations for monitor wells.
Increasing the dominant frequency and broadening the frequency spectrum of recorded reflection energy improves resolution of shallower and thinner beds (Widess, 1973) .
This increase in the frequency of recorded energy can be obtained by severe low-cut, filtering, proper field equipment for conditions, and careful field procedures. Severe low-cut filtering effectively attenuates the lower-frequency information (ground roll), which allows balancing of the spectrum toward higher frequencies.
also, by attenuating much of the high-amplitude, low-frequency information, analog gain of the seismic amnlifiers can often be increased in the field to improve the signal-to-noise ratio.
AND FIETmD PRO-
The seismic survey included three 12-fold CDP lines around the perimeter of an evaporation pond in Hutchinson County, Texas (Fig. 1) .
Drill data from around the evaporation pond, prior to the seismic survey, showed a 3 to 15-m-thick layer of dry alluvium overlying a Permian red-bed sequence of limestones, shales, and dolomites.
The preliminary bedrock contour map, compiled from drill data only, shows bedrock lows on the north end of the pond. Pre-A/D low-cut filters with 24 dB/octave rolloff and -3 dB point of 220 Hz were used to maximize resolution and reduce the effects of ground roll.
The close attention given to source-and-receiver ground coupling and to the selection of low-cut filters improved frequency response and reduced unwanted noise, which was essential to the quality and success of this survey (Knapp and Steeples, 1986). The bedrock reflector can be clearly identified on the CDP gathers (Fig. 3) . Due to the continuous and smooth nature of the reflection on the gathers, a unique normal-moveout velocity can be calculated and applied with a high degree of confidence. A lack of velocity control can easily decrease the dominant frequency and bandwidth of the final stacked section. With the application of an NM0 velocity that is incorrect, the apparent relative bedrock depth could be erroneous.
Data processing was done on a 32-bit
Line 1 traversed the east side of the pond intersecting line 2, line 3, and the test boring well MW-7 (Fig. 4) . Data quality is quite good with a discernible bedrock reflection prominent across the entire line.
After removal of the refracted arrival by muting, the lone event on the CDP stack is the bedrock reflector. AS expected, the bedrock surface has a local slope similar to the ground surface. The test-well data confirmed the identification of the reflection as bedrock surface.
The undulation of the seismically defined bedrock surface, as shown on the bedrock-contour map (Fig. S) , is indicative of paleo-drainage patterns and was not expected to be so dramatically different than present-day topography.
The two bedrock contour maps, one derived from drill data (Fig. 1) , the other from drill data and seismic data (Fig. 5) , show the general bedrock surface trend of the area.
The contour map developed from the combined seismic and drill data, however, shows much more detail. 
